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Clinical PerspectiveWhat Is New?Patients with malignancy and atrial fibrillation have enhanced thrombotic and bleeding risks, making anticoagulation management challenging, and data on direct oral antagonists in these patients are scarce.We determined that in patients with atrial fibrillation who develop malignancy, edoxaban is similar to warfarin in the prevention of stroke and systemic embolic events and has a similar bleeding profile.A benefit of edoxaban over warfarin was greater in patients with malignancy for the composite ischemic end point (ischemic stroke, systemic embolic event, or myocardial infarction) compared with those without malignancy.What Are the Clinical Implications?In patients with atrial fibrillation who develop malignancy, edoxaban may present as a practical alternative to warfarin in the prevention of stroke, with a preserved safety profile.Our additional findings support studies evaluating the benefit of edoxaban over warfarin in reducing ischemic end points in patients with atrial fibrillation and active malignancy.

Introduction {#jah33428-sec-0008}
============

Atrial fibrillation (AF) is the most common sustained arrhythmia in the general population, with a prevalence that increases with age.[1](#jah33428-bib-0001){ref-type="ref"} Although data on patients with AF with malignancy are limited, observational studies suggest an association between AF and cancer,[2](#jah33428-bib-0002){ref-type="ref"}, [3](#jah33428-bib-0003){ref-type="ref"}, [4](#jah33428-bib-0004){ref-type="ref"}, [5](#jah33428-bib-0005){ref-type="ref"} likely because of systemic inflammation, shared risk factors, and common disease states underlying both conditions in aging populations.[4](#jah33428-bib-0004){ref-type="ref"}, [6](#jah33428-bib-0006){ref-type="ref"} Although 20‐year incident malignancy in patients with new‐onset AF has been reportedly low at 10%,[4](#jah33428-bib-0004){ref-type="ref"} incident AF may occur in up to 30% of patients with certain types of malignancy (eg, thoracic).[6](#jah33428-bib-0006){ref-type="ref"} Cancer‐associated thrombosis has been well described,[7](#jah33428-bib-0007){ref-type="ref"}, [8](#jah33428-bib-0008){ref-type="ref"} and AF in patients with malignancy may independently double the risk of venous or arterial thromboembolism compared with either condition alone.[9](#jah33428-bib-0009){ref-type="ref"} Some malignancies may also inherently increase the risk for major bleeding in patients with AF (eg, hematologic cancer),[6](#jah33428-bib-0006){ref-type="ref"} which is potentiated further with anticoagulant therapy.[10](#jah33428-bib-0010){ref-type="ref"}, [11](#jah33428-bib-0011){ref-type="ref"}

Although the direct oral anticoagulants (DOACs) are recommended as alternatives to warfarin for use in patients with AF,[12](#jah33428-bib-0012){ref-type="ref"}, [13](#jah33428-bib-0013){ref-type="ref"} data in the use of these drugs in patients with both AF and malignancy are scarce. Patients with active malignancies were mostly excluded in trials of DOACs versus warfarin in AF given concerns of increased bleeding and thrombotic risk, rapid changes in renal and hepatic function, hematologic derangements, and potential for chemotherapeutic agent interactions via CYP3A4 and P‐glycoprotein.[6](#jah33428-bib-0006){ref-type="ref"}, [14](#jah33428-bib-0014){ref-type="ref"}, [15](#jah33428-bib-0015){ref-type="ref"} Malignancy is not incorporated in the CHADS~2~ or CHA~2~DS~2~VASc thromboembolic risk prediction score to guide anticoagulant therapy,[16](#jah33428-bib-0016){ref-type="ref"}, [17](#jah33428-bib-0017){ref-type="ref"} and thus the approach to anticoagulant management in patients with AF with malignancy remains highly individualized.[18](#jah33428-bib-0018){ref-type="ref"} Cohort studies report vitamin K antagonists (VKAs) as the most commonly prescribed oral anticoagulant in clinical practice.[19](#jah33428-bib-0019){ref-type="ref"} However, because an increasing number of patients with AF taking DOACs may present with a new malignancy or a recurrence of a remote cancer, there is an increased need for outcomes data in these patients.

Edoxaban, an oral direct factor Xa inhibitor with a short half‐life (10--14 hours) and minimal interaction with the cytochrome P‐450 system,[20](#jah33428-bib-0020){ref-type="ref"} was evaluated in the ENGAGE AF‐TIMI 48 (Effective Anticoagulation With Factor Xa Next Generation in Atrial Fibrillation--Thrombolysis in Myocardial Infarction Study 48) trial.[21](#jah33428-bib-0021){ref-type="ref"} Both higher‐dose (HDER) and lower‐dose (LDER) edoxaban regimens were noninferior to well‐managed warfarin in preventing stroke or systemic embolic events (SEEs) in patients with AF, and both regimens reduced bleeding and cardiovascular death.[22](#jah33428-bib-0022){ref-type="ref"} To date, data are sparse in patients treated with edoxaban who have both AF and malignancy, although a recent randomized trial in 1046 patients with venous thromboembolism and malignancy showed that edoxaban was noninferior to dalteparin in the prevention of recurrent venous thromboembolism but was associated with a 2.9% absolute increase in the rate of major bleeding.[23](#jah33428-bib-0023){ref-type="ref"} In the present analysis, we evaluate the safety and efficacy of edoxaban compared with warfarin in patients with AF who have developed a new or recurrent malignancy, with particular focus on the HDER because this is the regimen approved for clinical use.

Methods {#jah33428-sec-0009}
=======

Study Design and Population {#jah33428-sec-0010}
---------------------------

The authors support the spirit and intent of sharing of clinical trial data. We encourage interested parties to contact the corresponding author directly for further discussions. The ENGAGE AF‐TIMI 48 trial design and results have been previously described.[21](#jah33428-bib-0021){ref-type="ref"}, [22](#jah33428-bib-0022){ref-type="ref"} In brief, this was a randomized double‐blind trial of edoxaban versus warfarin. The trial was approved by an institutional review committee, and all participants gave informed consent. Patients with AF and a CHADS~2~ score of ≥2 were eligible for inclusion and randomized 1:1:1 to HDER (60 mg once daily), LDER (30 mg once daily), or warfarin (international normalized ratio, 2.0--3.0).[21](#jah33428-bib-0021){ref-type="ref"} Patients with creatinine clearance ≤50 mL/min, weight of ≤60 kg, or the concomitant use of P‐glycoprotein inhibitors verapamil, quinidine, or dronedarone received a 50% dose reduction of edoxaban.[21](#jah33428-bib-0021){ref-type="ref"}, [22](#jah33428-bib-0022){ref-type="ref"}

Patients with active cancer (except nonmelanoma skin cancer or adequately treated noninvasive or in situ neoplasm) and patients who received anticancer therapy (drugs, radiation, or surgery) within 5 years were excluded from enrollment into the overall trial.[21](#jah33428-bib-0021){ref-type="ref"} Other key exclusion criteria were creatinine clearance \<30 mL/min, active liver disease, high risk of bleeding, and use of potent P‐glycoprotein inhibitors (eg, ketoconazole, erythromycin, cyclosporine, or ritonavir).[21](#jah33428-bib-0021){ref-type="ref"}

Study Definition of New or Recurrent Cancer {#jah33428-sec-0011}
-------------------------------------------

Investigator‐reported data on malignancy were captured in specific malignancy‐related electronic case‐report forms. After randomization, data collected on new or recurrent malignancy included type, site, date of first signs or symptoms and date of diagnosis, benign versus malignant neoplasm status, presence of metastases, and recurrent status of a prior remote malignancy. A review of all postrandomization malignancies was conducted by 2 physicians (C.L.F., R.P.G.), who were blinded to treatment assignment. The following new or recurrent malignancies were not included in this analysis: nonmelanoma localized skin cancer, benign tumors, and in situ precancerous lesions (eg, high‐grade cervical dysplasia). They were not included given their anticipated low clinical relevance during the trial horizon.

Measures of Pharmacokinetics and Pharmacodynamics {#jah33428-sec-0012}
-------------------------------------------------

Blood samples were collected at 29 days postrandomization at trough. Edoxaban plasma concentrations were measured by Quintiles Bioanalytical and ADME Laboratories (Ithaca, NY) using turbo ion spray liquid chromatography--tandem mass spectrometry, with a lower limit of quantification of 0.764 ng/mL. Antifactor Xa activity was measured by the Rotachrome Heparin assay on the Stago STAR Evolution platform (TIMI Clinical Trials Laboratory, Boston, MA), with a lower limit of quantitation of 0.10 IU/mL.

Blood specimens to measure the international normalized ratio were obtained on days 8, 15, 29, and at least monthly thereafter, with the use of an encrypted point‐of‐care device to maintain blinding. The time in the therapeutic range in the warfarin group was calculated by means of linear interpolation.[24](#jah33428-bib-0024){ref-type="ref"}

Study End Points {#jah33428-sec-0013}
----------------

The primary efficacy end point of the ENGAGE AF‐TIMI 48 trial was the composite of stroke (ischemic or hemorrhagic) or SEE, which was assessed from randomization to the occurrence of the first event. A secondary composite end point of major adverse cardiovascular events was assessed, which included myocardial infarction, stroke, or cardiovascular death. The principal safety end point was major bleeding, defined by the International Society on Thrombosis and Haemostasis.[25](#jah33428-bib-0025){ref-type="ref"} Other safety end points analyzed included major plus clinically relevant nonmajor bleeding, life‐threatening or fatal bleeding, and major gastrointestinal bleeding. The above end points, in addition to malignancy‐related mortality, were adjudicated by an independent Clinical Events Committee blinded to treatment allocation. Deep venous thrombosis and pulmonary embolism were ascertained by review of the adverse event data and were considered exploratory end points. The TIMI Study Group developed and conducted this analysis independent of the sponsor, Daiichi Sankyo (Edison, NJ).

Statistical Analyses {#jah33428-sec-0014}
--------------------

Baseline characteristics are presented by postrandomization malignancy status, with categorical variables as frequencies and percentages and continuous variables as medians and interquartile ranges. Comparisons of baseline data for those with and without malignancy were performed using the χ^2^ test for categorical variables and the nonparametric Kruskal‐Wallis test for continuous variables. Frequencies of malignancy types were reported for the overall study population and by treatment arm. Annualized event rates of major end points using person‐time of follow‐up were calculated. Adjusted risk estimates were calculated using Cox proportional hazard modeling, which included age, body mass index, sex, race, region, prior VKA experience, creatinine clearance, prior stroke or transient ischemic attack, hypertension, coronary artery disease, peripheral artery disease, congestive heart failure, dyslipidemia, diabetes mellitus, smoking status, and randomized treatment arm. Assumptions of proportionality of the hazards for all Cox models were assessed using Schoenfeld residuals and were not violated.

For the evaluation of treatment effect within the malignancy subgroups, efficacy end points occurring during the study period were analyzed by the intention‐to‐treat principle using Cox proportional hazards modeling with the randomized treatment arm as a covariate. Bleeding end points were analyzed during the on‐treatment period from first dose to last dose plus 3 days inclusive. Cox models for treatment effect included the stratification factors of CHADS~2~ score and dose adjustment at randomization, as well as the subgroup interaction term. Kaplan‐Meier curves through 3 years were generated by treatment arm for both efficacy and safety end points, as well as for new or recurrent malignancy, and were compared with a log‐rank test. In sensitivity analyses, end points were also tested in the modified intention‐to‐treat population while receiving treatment, which included interval censoring of events that occurred during study drug interruptions of \>3 days.

Primary efficacy data were analyzed with the assumption that malignancy was present at randomization, in line with the hypothesis that occult malignancy, attributable to heightened systemic inflammation, may lead to increased arterial thrombotic risk, similar to that which is seen in venous thromboembolism. The asymptomatic phase of common malignancies may last several years, and even after symptoms begin, there is a delay in final diagnosis because of scheduling of tests or procedures, referrals, and other social factors.[26](#jah33428-bib-0026){ref-type="ref"}, [27](#jah33428-bib-0027){ref-type="ref"} Despite these data, an additional sensitivity analysis was performed, which censored stroke/SEE events before the malignancy diagnosis. The time to diagnosis by treatment arm analysis was also evaluated.

Statistical significance for all analyses was assessed using a 2‐sided α level of 0.05, without adjustment for multiple comparisons, using Stata v14.2 (StataCorp, College Station, TX).

Results {#jah33428-sec-0015}
=======

Patient Population {#jah33428-sec-0016}
------------------

Of 21 105 total patients randomized in the ENGAGE AF‐TIMI 48 trial, 1153 (5.5%) developed a malignancy during a median follow‐up period of 2.8 years, of which 991 (85.9%) were considered a new incident cancer and 162 (14.1%) were considered a recurrence of a remote (\>5 years prior) cancer. Of these 1153 patients with malignancy, 395 (34.3%) were assigned to warfarin, 390 (33.8%) were assigned to HDER, and 368 (31.9%) were assigned to LDER (*P*=0.80 and *P*=0.27 for HDER and LDER versus warfarin, respectively). Baseline characteristics by malignancy status are presented in Table [1](#jah33428-tbl-0001){ref-type="table"}. In general, those with a new or recurrent malignancy were more often older, men, white, current smokers, and from North American or Western Europe; they were less frequently VKA naïve, with a slightly higher mean CHA~2~DS~2~VASc score at baseline and more prevalent coronary disease. Cancer characteristics of the malignancy cohort are summarized in Table [2](#jah33428-tbl-0002){ref-type="table"}. The most common malignancy types were gastrointestinal (20.6%), prostate (13.6% overall, 20.0% of cancers in men), lung (11.1%), bladder (7.7%), and breast (6.7% overall, 21.0% of cancers in women), which did not vary by treatment arm. The median time to diagnosis of new or recurrent malignancy was 495 days (interquartile range, 230--771 days), which also did not differ by treatment arm (3‐way *P*=0.21). The Kaplan‐Meier analysis of time to diagnosis of malignancy during follow‐up is shown in Figure [1](#jah33428-fig-0001){ref-type="fig"}, which demonstrated no difference by treatment arm (log‐rank *P*=0.27 for LDER and *P*=0.80 for HDER).

###### 

Baseline Characteristics by New or Recurrent Malignancy Status

  Characteristic                                                            No Malignancy (N=19 952; 94.5%)   Malignancy (N=1153; 5.5%)   *P* Value
  ------------------------------------------------------------------------- --------------------------------- --------------------------- -----------
  Age, median (IQR), y                                                      72 (64--77)                       75 (68--79)                 \<0.001
  Body mass index, median (IQR), kg/m^2^                                    28.7 (25.4--32.6)                 28.8 (25.6--32.3)           0.84
  Male sex                                                                  12 271 (61.5)                     794 (68.9)                  \<0.001
  Race                                                                                                                                    \<0.001
  White                                                                     16 075 (80.6)                     992 (86.0)                  
  Asian                                                                     2786 (14.0)                       123 (10.7)                  
  Black                                                                     264 (1.3)                         14 (1.2)                    
  Other                                                                     826 (4.1)                         24 (2.1)                    
  Region                                                                                                                                  \<0.001
  North America                                                             4336 (21.7)                       345 (29.9)                  
  Latin America                                                             2572 (12.9)                       89 (7.7)                    
  Western Europe                                                            3002 (15.0)                       234 (20.3)                  
  Eastern Europe                                                            6816 (34.2)                       328 (28.4)                  
  Asia or South Africa                                                      3226 (16.2)                       157 (13.6)                  
  History of remote malignancy[a](#jah33428-note-0002){ref-type="fn"}       1223 (6.1)                        162 (14.1)                  \<0.001
  Paroxysmal atrial fibrillation                                            5076 (25.4)                       290 (25.2)                  0.24
  Valvular heart disease                                                    4172 (20.9)                       267 (23.2)                  0.07
  VKA naïve                                                                 8276 (41.5)                       387 (33.6)                  \<0.001
  CHADS~2~ score, mean (SD)[b](#jah33428-note-0003){ref-type="fn"}          2.8 (1.0)                         2.8 (1.0)                   0.83
  CHA~2~DS~2~VASc score, mean (SD)[b](#jah33428-note-0003){ref-type="fn"}   4.3 (1.4)                         4.4 (1.3)                   0.011
  HASBLED score, mean (SD)                                                  2.5 (1.0)                         2.7 (0.9)                   \<0.001
  Creatinine clearance, median (IQR), mL/min                                70.5 (53.9--92.2)                 66.8 (51.7--86.1)           \<0.001
  Prior stroke or TIA                                                       5690 (28.5)                       283 (24.5)                  0.004
  Hypertension                                                              18 663 (93.5)                     1091 (94.6)                 0.14
  Coronary artery disease                                                   6602 (33.1)                       421 (36.5)                  0.017
  Peripheral artery disease                                                 773 (3.9)                         68 (5.9)                    \<0.001
  Congestive heart failure                                                  11 530 (57.8)                     594 (51.5)                  \<0.001
  Dyslipidemia                                                              10 399 (52.1)                     659 (57.2)                  \<0.001
  Diabetes mellitus                                                         7179 (36.0)                       445 (38.6)                  0.072
  Current smoking status                                                    1449 (7.3)                        103 (8.9)                   0.034
  History of non‐ICH bleed                                                  1930 (9.7)                        151 (13.1)                  \<0.001
  Dose reduction at randomization[c](#jah33428-note-0004){ref-type="fn"}    5014 (24.8)                       311 (27.0)                  0.20

Continuous variables are presented as medians (IQRs) or means (SDs), and categorical variables are presented as frequencies (percentages). Baseline characteristics by randomized treatment, stratified by malignancy status, were generally well balanced; there were small differences in prior congestive heart failure (58.1%, 58.7%, and 56.6%) and valvular heart disease (21.2%, 19.8%, and 21.7%) in the cohort without cancer for the warfarin, higher‐dose edoxaban regimen, and lower‐dose edoxaban regimen treatment groups, respectively (*P*=0.043 and *P*=0.021, respectively). ICH indicates intracranial hemorrhage; IQR, interquartile range; TIA, transient ischemic attack; VKA, vitamin K antagonist.

Remote malignancy defined as a history of cancer that was not active or receiving treatment during the 5‐year period before enrollment; inclusion into active malignancy cohort was met for those with remote malignancy who either had a new type diagnosed during follow‐up period or who had recurrence of remote type.

CHADS~2~ score assigns 1 point for congestive heart failure, hypertension, age of at least 75 years, and diabetes mellitus, and 2 points for prior stroke or transient ischemic attack; CHA~2~DS~2~VASc score assigns 1 point for congestive heart failure, hypertension, age of 65 to 74 years, diabetes mellitus, vascular disease history, and female sex, and 2 points for age of at least 75 years and prior stroke or transient ischemic attack.

Patients with a creatinine clearance of ≤50 mL/min, those with a body weight of ≤60 kg, and those who were receiving the concomitant potent P‐glycoprotein inhibitor verapamil or quinidine at randomization received a 50% dose reduction of edoxaban.

###### 

Malignancy Characteristics of Patients With New or Recurrent Malignancy

  Characteristic                                                           New or Recurrent Malignancy (N=1153)
  ------------------------------------------------------------------------ --------------------------------------
  Type of new or recurrent malignancy                                      
  Solid                                                                    
  Gastrointestinal                                                         236 (20.5)
  Prostate                                                                 158 (13.7)
  Lung or pleura                                                           127 (11.0)
  Bladder                                                                  87 (7.5)
  Breast                                                                   75 (6.5)
  Skin[a](#jah33428-note-0006){ref-type="fn"}                              68 (5.9)
  Pancreatic                                                               44 (3.8)
  Liver, gallbladder, or bile ducts                                        44 (3.8)
  Esophageal                                                               29 (2.5)
  Oropharyngeal                                                            30 (2.6)
  Renal                                                                    29 (2.5)
  Uterine                                                                  24 (2.1)
  Brain                                                                    24 (2.1)
  Genital                                                                  15 (1.3)
  Thyroid                                                                  13 (1.1)
  Hematologic                                                              
  Leukemia                                                                 32 (2.8)
  Lymphoma                                                                 25 (2.2)
  Multiple sites                                                           30 (2.6)
  Other[b](#jah33428-note-0007){ref-type="fn"}                             46 (4.0)
  Unspecified                                                              17 (1.5)
  Time to diagnosis of malignancy, median (IQR), d                         495 (230--771)
  Patients with remote malignancy[c](#jah33428-note-0008){ref-type="fn"}   162 (14.1)
  Type of remote malignancy                                                
  Hematologic                                                              10 (6.2)
  Solid tumor                                                              152 (93.8)
  Extent of remote malignancy                                              
  Spread to contiguous structures                                          4 (2.5)
  Local disease only without spread                                        134 (82.7)
  Metastatic                                                               1 (0.6)
  Unknown                                                                  18 (11.1)
  Recurrence of remote malignancy                                          41 (13.6)

Data are given as number (percentage) unless otherwise specified. IQR indicates interquartile range.

Skin cancers included melanoma or other malignant skin cancers; localized basal or squamous cell carcinoma was excluded from the active malignancy cohort.

Includes rare types of solid or hematologic malignancies not already described for which incidence was \<1.0%.

A total of 162 patients (14.1%) who were included in the active malignancy cohort for this analysis had a history of remote cancer, defined as history of cancer no longer active or receiving treatment during the 5‐year period before randomization; 41 patients in the overall analysis had recurrence of a remote malignancy, defined as a match in type for remote cancer and active cancer according to the electronic case record form.

![Kaplan‐Meier curve of time to diagnosis of malignancy by treatment arm. HDER indicates higher‐dose edoxaban regimen; LDER, lower‐dose edoxaban regimen.](JAH3-7-e008987-g001){#jah33428-fig-0001}

Time‐in‐therapeutic range for those assigned to the warfarin arm also did not differ according to malignancy status (median, 68.2% \[95% confidence interval {CI}, 55.9%--76.6%\] versus 68.4% \[95% CI, 56.6%--77.5%\] for patients with malignancy versus no malignancy; *P*=0.29). However, interruption of anticoagulation \>3 days occurred more commonly in patients with malignancy. Overall, 62.9% of patients with malignancy had at least 1 study drug interruption compared with 51.0% of those without malignancy (*P*\<0.001). Clinical procedures caused these interruptions in 38.1% versus 23.2% of patients with and without malignancy, respectively (*P*\<0.001). In patients with temporary drug interruptions during trial follow‐up, the mean number of interruptions for patients with malignancy compared with those without malignancy was 2.3±1.6 versus 1.7±1.2, respectively (*P*\<0.001).

Laboratory Outcomes in Patients With Active Malignancy {#jah33428-sec-0017}
------------------------------------------------------

Kidney dysfunction, defined as a decline in creatinine clearance to \<30 mL/min during the trial, was more likely to occur in those with active malignancy versus those without active malignancy (8.0% versus 6.3%; *P*=0.02). Similarly, new‐onset anemia (hemoglobin, \<8 g/dL) was more frequent in patients with cancer (2.7% versus 0.79%; *P*\<0.001). The incidence of severe thrombocytopenia (platelet count, \<50 000) was rare overall, but more common in patients with malignancy (0.53% versus 0.11%; *P*\<0.001). Median trough concentrations of edoxaban as well as factor Xa activity, on the basis of treatment regimen and dose reduction at 29 days, are presented in Table [3](#jah33428-tbl-0003){ref-type="table"}. There was no statistically significant difference in drug concentration or factor Xa activity at trough in patients with malignancy compared with those without across all edoxaban treatment regimens.

###### 

Median Trough Edoxaban Drug Concentration and Factor Xa Activity by Treatment Regimen and Malignancy Status at Day 29

  Treatment Regimen and Dose                                                                                                                                                                                                                             
  ------------------------------------------------------------------------------------- ------------------- ------ ------------------- ------------------- ------ ------------------- ------------------- ------ ------------------- ------------------- ------
  Edoxaban concentration, trough level at day 29, median (interquartile range), ng/mL                                                                                                                                                                    
  38.4 (23.1--55.8)                                                                     35.9 (19.1--61.9)   0.57   22.9 (13.9--44.0)   28.2 (15.1--46.6)   0.40   17 (9.9--31.6)      18.4 (10.0--32.4)   0.44   11.1 (8.7--17.0)    12.8 (7.3--21.6)    0.95
  Factor Xa activity, trough level at day 29, median (interquartile range), IU/mL                                                                                                                                                                        
  0.79 (0.49--1.16)                                                                     0.63 (0.37--1.10)   0.25   0.52 (0.29--0.94)   0.52 (0.31--0.84)   0.97   0.31 (0.21--0.48)   0.35 (0.21--0.58)   0.29   0.25 (0.19--0.52)   0.27 (0.18--0.46)   0.93

HDER indicates high‐dose edoxaban regimen (60 mg); HDER‐DR, HDER dose reduction (30 mg); LDER, low‐dose edoxaban regimen (30 mg); LDER‐DR, LDER dose reduction (15 mg).

\**P*\<0.05 is significant for difference in median trough levels by Wilcoxon rank‐sum test.

Clinical Outcomes in Patients With Active Malignancy {#jah33428-sec-0018}
----------------------------------------------------

Compared with patients without malignancy during the follow‐up period, those with malignancy had a statistically significant increased risk of major bleeding (7.4%/year versus 2.5%/year; adjusted hazard ratio \[HR\], 2.45; 95% CI, 2.07--2.89; *P*\<0.001). Malignancy was also associated with statistically significant higher all‐cause mortality (12.0%/year versus 3.6%/year; adjusted HR, 3.12; 95% CI, 2.78--3.50; *P*\<0.001), of which 273 deaths (75.1%) were directly related to malignancy (8.98%/year). The rates of stroke or SEE were similar between those with malignancy and those without malignancy (2.0%/years versus 1.8%/year; adjusted HR, 1.08; 95% CI, 0.83--1.42; *P*=0.55) (Figure [2](#jah33428-fig-0002){ref-type="fig"}).

![Adjusted (Adj.) risk of major end points in patients with vs without an active malignancy. Risk presented as Adj. hazard ratio (HR) with 95% confidence interval (CI). Malignancy status defined as those with new or recurrent advanced malignancy during a median 2.8‐year follow‐up period. MACE indicates major adverse cardiovascular event (myocardial infarction, stroke, or death attributable to cardiovascular cause or bleeding); SEE, systemic embolic event.](JAH3-7-e008987-g002){#jah33428-fig-0002}

After subcategorizing malignancies as solid versus nonsolid (hematologic or skin), solid type tumors were associated with higher adjusted risk of stroke/SEE (2.2%/year versus 0.6%/year for solid versus nonsolid; adjusted HR, 3.92; 95% CI, 1.21--12.69; *P*=0.022). Although rates for major bleeding were numerically higher with solid type tumors, the adjusted risk was not statistically significant (7.9%/year versus 4.8%/year for solid versus nonsolid; adjusted HR, 1.56; 95% CI, 0.96--2.53; *P*=0.07).

HDER Versus Warfarin in Patients With Malignancy {#jah33428-sec-0019}
------------------------------------------------

The efficacy profile of HDER was not affected by the presence or absence of malignancy across major end points (Figure [3](#jah33428-fig-0003){ref-type="fig"}). Although the treatment interaction was not statistically significant, patients with malignancy randomized to HDER exhibited a greater numerical reduction in the primary end point of stroke or SEE compared with those without malignancy (malignancy: 1.43%/year versus 2.38%/year; HR, 0.60; 95% CI, 0.31--1.15; no malignancy: 1.58%/year versus 1.77%/year; HR, 0.89; 95% CI, 0.76--1.05, for HDER versus warfarin; interaction *P*=0.25).

![Efficacy end points by malignancy status in the higher‐dose edoxaban regimen vs warfarin groups. All efficacy end points are analyzed from the intention‐to‐treat study population. Adj. indicated adjusted; CI, confidence interval; CV, cardiovascular; HR, hazard ratio (adjusted for trial stratification factors); MACE, major adverse cardiovascular event (including myocardial infarction, stroke, or death attributable to CV cause or bleeding); *P*‐Int, interaction *P* value; SEE, systemic embolic event.](JAH3-7-e008987-g003){#jah33428-fig-0003}

For the secondary composite end point of myocardial infarction, stroke, or cardiovascular death (major adverse cardiovascular event), no significant treatment interaction was demonstrated by malignancy status (interaction *P*=0.22). However, there was a large numerical reduction in myocardial infarction in patients with malignancy receiving HDER compared with warfarin (0.72%/year versus 1.58%/year; HR, 0.46; 95% CI, 0.19--1.12), as well as in cardiovascular death (1.58%/year versus 2.20%/year; HR, 0.74; 95% CI, 0.39--1.40). When limiting the analysis to ischemic events (ischemic stroke/SEE/myocardial infarction), HDER demonstrated a statistically significant 46% risk reduction compared with warfarin and an interaction by malignancy status (malignancy versus no malignancy: HR, 0.54 \[95% CI, 0.31--0.93\] versus 1.02 \[95% CI, 0.88--1.18\]; interaction *P*=0.026). An analysis of a broad composite of ischemic events that also included venous events (acute deep venous thrombosis and pulmonary embolism) in addition to the arterial events above also demonstrated a greater reduction with HDER compared with warfarin in patients with versus without malignancy (malignancy versus no malignancy: HR, 0.51 \[95% CI, 0.30--0.86\] versus 1.03 \[95% CI, 0.89--1.19\]; interaction *P*=0.011). No statistically significant difference in malignancy‐related deaths occurred between HDER and warfarin through 3 years of follow‐up (95 versus 85; log‐rank *P*=0.34) (Figure [4](#jah33428-fig-0004){ref-type="fig"}).

![Kaplan‐Meier curve of malignancy‐related death by treatment arm in patients with malignancy. Analysis performed with the intent‐to‐treat population over entire study period. HDER indicates higher‐dose edoxaban regimen; LDER, lower‐dose edoxaban regimen.](JAH3-7-e008987-g004){#jah33428-fig-0004}

The overall safety profile of HDER was not affected by the presence of malignancy (all interaction *P* values \>0.05) (Figure [5](#jah33428-fig-0005){ref-type="fig"}). Rates of major bleeding were higher in patients with malignancy compared with no malignancy, but no statistically significant difference was seen between HDER versus warfarin (malignancy: 7.92%/year versus 8.18%/year; HR, 0.98; 95% CI, 0.69--1.40; no malignancy: 2.62%/year versus 3.34%/year; HR, 0.79; 95% CI, 0.69--1.05; interaction *P*=0.31). The Kaplan‐Meier curve for major bleeding on treatment over the entire study period is shown in Figure [6](#jah33428-fig-0006){ref-type="fig"}. The rates of fatal or life‐threatening bleeding were low, with no statistically significant difference according to malignancy group and treatment arm (malignancy: 1.06%/year versus 0.99%/year; HR, 1.06; 95% CI, 0.4--2.82; no malignancy: 0.60%/year versus 1.18%/year; HR, 0.51; 95% CI, 0.40--0.66 for HDER versus warfarin, respectively; interaction *P*=0.16).

![Safety end points by malignancy status in the higher‐dose edoxaban regimen (HDER) vs warfarin groups. All bleeding end points are analyzed in the on‐treatment study population, beginning with first dose of study treatment and ending with the last dose plus 3 days, inclusive. Major bleeding was defined by the International Society of Thrombosis and Haemostasis. Adj. indicated adjusted; CI, confidence interval; CRNM, clinically relevant nonmajor; GI, gastrointestinal; HR, hazard ratio; LT, life threatening; *P*‐Int, interaction *P* value.](JAH3-7-e008987-g005){#jah33428-fig-0005}

![Kaplan‐Meier curve of major bleeding events according to treatment arm and malignancy status. Analysis performed in the on‐treatment population, defined as first day of dose administered to last dose plus 3 days. HDER indicates higher‐dose edoxaban regimen; LDER, lower‐dose edoxaban regimen.](JAH3-7-e008987-g006){#jah33428-fig-0006}

LDER Versus Warfarin in Patients With Malignancy {#jah33428-sec-0020}
------------------------------------------------

Overall, the primary efficacy and safety profile of LDER was not significantly modified by the presence of malignancy (Tables [4](#jah33428-tbl-0004){ref-type="table"} and [5](#jah33428-tbl-0005){ref-type="table"}), and all *P* interactions were \>0.05. In patients with malignancy, the event rates of stroke or SEE in LDER and warfarin arms were 2.04%/year versus 2.38%/year (HR, 0.87; 95% CI, 0.47--1.59), respectively, compared with 2.04%/year versus 1.77%/year (HR, 1.15; 95% CI, 0.99--1.34) in patients without malignancy (interaction *P*=0.38). Although the interaction term was not statistically significant for major bleeding (interaction *P*=0.058), there was a trend toward an even greater reduction in bleeding events with LDER compared with warfarin in patients without a malignancy (malignancy: 5.95%/year versus 8.18%/year; HR, 0.73; 95% CI, 0.40--1.07; no malignancy: 1.63%/year versus 3.34%/year; HR, 0.49; 95% CI, 0.42--0.57). Similar to HDER, there was no difference in malignancy‐related death with LDER compared with warfarin (Figure [4](#jah33428-fig-0004){ref-type="fig"}; 96 versus 85; log‐rank *P*=0.13).

###### 

Efficacy End Points by Malignancy Status in LDER and HDER Versus Warfarin

  End Point              Malignancy   No Malignancy   Interaction *P* Value                                                                                                                          
  ---------------------- ------------ --------------- ----------------------- ------------ ------------------- ------------ ------------ ------------------- ------------ ------------------- ------ ------
  Stroke/SEE             24 (2.38)    19 (2.04)       0.87 (0.47--1.59)       14 (1.43)    0.60 (0.31--1.15)   313 (1.77)   364 (2.04)   1.15 (0.99--1.34)   282 (1.58)   0.89 (0.76--1.05)   0.38   0.25
  Ischemic stroke        21 (2.08)    16 (1.72)       0.84 (0.43--1.62)       12 (1.22)    0.58 (0.29--1.18)   214 (1.20)   317 (1.77)   1.47 (1.23--1.74)   224 (1.25)   1.04 (0.86--1.25)   0.10   0.12
  MACE                   53 (5.33)    40 (4.33)       0.82 (0.54--1.24)       35 (3.62)    0.68 (0.44--1.04)   873 (4.96)   873 (4.93)   0.99 (0.90--1.09)   792 (4.45)   0.90 (0.81--0.99)   0.39   0.22
  MI                     16 (1.58)    12 (1.28)       0.83 (0.39--1.75)       7 (0.72)     0.46 (0.19--1.12)   125 (0.70)   157 (0.87)   1.24 (0.98--1.57)   126 (0.70)   1.00 (0.78--1.28)   0.29   0.09
  Cardiovascular death   23 (2.20)    18 (1.87)       0.88 (0.48--1.64)       16 (1.58)    0.74 (0.39--1.40)   588 (3.22)   509 (2.76)   0.85 (0.76--0.96)   514 (2.80)   0.87 (0.77--0.98)   0.93   0.60
  All‐cause death        120 (11.5)   116 (12.1)      1.07 (0.83--1.38)       125 (12.4)   1.09 (0.85--1.41)   719 (3.94)   621 (3.37)   0.85 (0.76--0.95)   648 (3.53)   0.89 (0.80--0.99)   0.08   0.15

All efficacy end points are analyzed in the intention‐to‐treat study population. CI indicates confidence interval; HDER, higher‐dose edoxaban regimen; HR, hazard ratio; LDER, lower‐dose edoxaban regimen; MACE, major adverse cardiovascular event (including myocardial infarction, stroke, or death attributable to cardiovascular cause or bleeding); MI, myocardial infarction; SEE, systemic embolic event.

Data are given as number (percentage/year).

###### 

Major Safety End Points by Malignancy Status in LDER and HDER Versus Warfarin

  End Point                                               Malignancy    No Malignancy   Interaction *P* Value                                                                                                                                  
  ------------------------------------------------------- ------------- --------------- ----------------------- ------------- ------------------- -------------- -------------- ------------------- -------------- ------------------- ------- ------
  Major bleeding[†](#jah33428-note-0014){ref-type="fn"}   63 (8.18)     42 (5.95)       0.73 (0.40--1.07)       56 (7.92)     0.98 (0.68--1.40)   494 (3.34)     250 (1.63)     0.49 (0.42--0.57)   388 (2.62)     0.79 (0.69--0.90)   0.058   0.31
  Major/CRNMB                                             174 (27.94)   126 (20.56)     0.74 (0.59--0.93)       170 (29.21)   1.04 (0.84--1.29)   1636 (12.49)   1109 (7.84)    0.63 (0.59--0.68)   1405 (10.50)   0.85 (0.79--0.91)   0.14    0.06
  Fatal or life‐threatening bleeding                      8 (0.99)      5 (0.68)        0.69 (0.23--2.06)       8 (1.06)      1.06 (0.40--2.82)   178 (1.18)     57 (0.37)      0.31 (0.23--0.42)   91 (0.60)      0.51 (0.40--0.66)   0.17    0.16
  All bleeding                                            195 (33.82)   135 (23.01)     0.69 (0.56--0.86)       187 (34.01)   1.00 (0.82--1.23)   1969 (15.77)   1437 (10.56)   0.68 (0.63--0.73)   1724 (13.46)   0.86 (0.81--0.92)   0.78    0.14
  Major gastrointestinal bleeding                         38 (4.82)     27 (3.78)       0.78 (0.47--1.27)       34 (4.70)     0.98 (0.61--1.55)   160 (1.06)     114 (0.74)     0.70 (0.55--0.89)   206 (1.38)     1.30 (1.06--1.60)   0.69    0.25

All bleeding end points are analyzed in the on‐treatment study population, which began with first dose of study treatment through last dose plus 3 days. CI indicates confidence interval; CRNMB, clinically relevant nonmajor bleeding; HDER, higher‐dose edoxaban regimen; HR, hazard ratio; LDER, lower‐dose edoxaban regimen.\*Data are given as number (percentage/year).

†Major bleeding defined by International Society of Thrombosis and Haemostasis.

Sensitivity Analyses {#jah33428-sec-0021}
--------------------

Analyses were also performed while receiving treatment in the modified intention‐to‐treat population, which excluded events that occurred after study drug interruption of \>3 days. Results were consistent with primary findings. No statistically significant treatment interaction was demonstrated by malignancy status with HDER versus warfarin for the primary efficacy end point of stroke/SEE (interaction *P*=0.33). This also held true for major bleeding (interaction *P*=0.33). Similarly, there were no statistically significant treatment interactions by malignancy status with LDER versus warfarin for the end points of stroke/SEE and major bleeding (interaction *P*=0.23 and *P*=0.12, respectively).

In an additional sensitivity analysis, we censored 19 stroke or SEE events that occurred between time of randomization and final confirmation of malignancy diagnosis. Results by treatment group were qualitatively similar, with no statistically significant effect modification of malignancy status on the treatment effect of HDER versus warfarin in the prevention of stroke or SEE (malignancy: HR, 0.54; 95% CI, 0.24--1.23; and no malignancy: HR, 0.89; 95% CI, 0.76--1.05; interaction *P*=0.25). Similarly, no effect modification on efficacy was demonstrated in the comparison of LDER versus warfarin (malignancy: HR, 0.86; 95% CI, 0.41--1.80; and no malignancy: HR, 1.15; 95% CI, 0.99--1.34; interaction *P*=0.42).

Discussion {#jah33428-sec-0022}
==========

In this analysis of 1153 patients with AF and new or recurrent malignancy after entry into the trial, we found that the most common incident tumors were gastrointestinal, prostate, and lung, with a low incidence of hematologic malignancies. After adjusting for baseline covariates, demographic factors, and randomized treatment arm, the presence of an active malignancy increased the risk for major bleeding and death, but not ischemic events. However, when malignancies were further categorized, solid‐type tumors in adjusted analyses were associated with increased risk of stroke or SEE (compared with no malignancy), whereas nonsolid malignancies were not. Overall, the efficacy and safety profiles of edoxaban compared with warfarin were not significantly modified by the presence of malignancy during the 2.8 median year trial follow‐up.

The independent contribution of malignancy to death and major bleeding in patients receiving oral anticoagulant therapy has previously been described.[10](#jah33428-bib-0010){ref-type="ref"}, [28](#jah33428-bib-0028){ref-type="ref"}, [29](#jah33428-bib-0029){ref-type="ref"} Our findings confirm that patients with AF and active malignancy constitute a higher‐risk population for major bleeding that warrants careful risk‐benefit assessment in stroke prevention therapies. This increased risk may be especially true for solid‐type tumors, and our analysis supports existing data that ischemic risk may vary according to cancer subtypes.[30](#jah33428-bib-0030){ref-type="ref"} Of 1236 patients with AF and a remote history of malignancy enrolled in the ARISTOTLE (Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation) trial, the adjusted HR of myocardial infarction was 1.45 (95% CI, 0.93--2.26; *P*=0.1) and the adjusted HR of ischemic stroke was 1.02 (95% CI, 0.66--1.58; *P*=0.9).[31](#jah33428-bib-0031){ref-type="ref"} Only 157 (12.7%) of these patients had an active malignancy during the course of the ARISTOTLE trial.

In patients with malignancy, HDER compared with well‐managed warfarin (median time‐in‐therapeutic range, 68.2%) demonstrated similar rates of all stroke or SEE, major adverse cardiovascular event, all‐cause death, and malignancy‐related death. However, when the composite end point was restricted to ischemic events (ischemic stroke, SE, or myocardial infarction), HDER demonstrated a statistically significant reduction in events. A high proportion (66.4%) of patients with malignancy had been treated with a VKA before the trial, and we previously reported that the treatment benefit of HDER relative to warfarin is attenuated in VKA‐experienced patients.[32](#jah33428-bib-0032){ref-type="ref"} There was no effect modification by malignancy status on bleeding end points, including major bleeding, major or clinically relevant nonmajor bleeding, or the composite of life‐threatening or fatal bleeding, which in the overall trial population were significantly reduced with edoxaban compared with warfarin.[22](#jah33428-bib-0022){ref-type="ref"}

This study demonstrated similar efficacy in stroke/SEE reduction with LDER compared with warfarin in patients with malignancy, with a trend toward reduced major bleeding in patients both with and without malignancy. Although the LDER is not approved for clinical use, these data support further research of less intensive anticoagulation in patients with malignancy and AF who cannot tolerate standard doses of anticoagulation (eg, because of bleeding).

To the best of our knowledge, this analysis is the first large study using prospective clinical trial data and blinded adjudicated events on the effects of a DOAC in a population of patients with AF and an active malignancy. The subgroup analysis from the ARISTOTLE trial demonstrated preserved efficacy and safety of apixaban in patients with AF and a remote history of cancer.[31](#jah33428-bib-0031){ref-type="ref"} However, unlike the analysis from the ARISTOTLE trial, we analyzed patients who developed active malignancy after randomization while receiving study drug. A small single‐center observational analysis of 163 patients with active malignancy and AF treated with rivaroxaban demonstrated overall low 1‐year cumulative incidence rates of ischemic stroke (1.4%) and major bleeding (1.2%) after adjustment for competing risks.[33](#jah33428-bib-0033){ref-type="ref"} Although the low event rates were encouraging, patients with gastrointestinal and genitourinary cancers, which are 2 subtypes with potential for increased bleeding, were excluded. In addition, patients receiving warfarin were not analyzed for comparison.[33](#jah33428-bib-0033){ref-type="ref"}

Current AF guidelines do not provide specific recommendations for oral anticoagulation in patients with active malignancy.[12](#jah33428-bib-0012){ref-type="ref"}, [13](#jah33428-bib-0013){ref-type="ref"} Although robust randomized data in patients with malignancy and venous thromboembolism exist,[34](#jah33428-bib-0034){ref-type="ref"}, [35](#jah33428-bib-0035){ref-type="ref"} generalizability of these results to patients with AF has its limitations given different pathophysiological and risk profiles. The European Society of Cardiology recommends consideration of a DOAC as first‐line therapy in patients with AF for stroke prevention.[13](#jah33428-bib-0013){ref-type="ref"} Use of DOACs in patients with AF is increasing in clinical practice and the aging population.[36](#jah33428-bib-0036){ref-type="ref"}, [37](#jah33428-bib-0037){ref-type="ref"} Older patients receiving DOACs may develop a new or recurrent malignancy because of shared risk factors with aging.[3](#jah33428-bib-0003){ref-type="ref"}, [4](#jah33428-bib-0004){ref-type="ref"}, [5](#jah33428-bib-0005){ref-type="ref"}, [6](#jah33428-bib-0006){ref-type="ref"} We anticipate, therefore, an increase in use of DOACs in patients with cancer and a need for efficacy and safety data.

Because factor Xa has demonstrated procoagulant activity in cancer,[38](#jah33428-bib-0038){ref-type="ref"} the factor Xa inhibitors especially warrant special consideration in these patients. All DOACs may interact with certain chemotherapeutic agents through the P‐glycoprotein transporter;[15](#jah33428-bib-0015){ref-type="ref"} however, unlike rivaroxaban and apixaban, edoxaban has little inhibitory effect on CYP3A4.[20](#jah33428-bib-0020){ref-type="ref"} This may be particularly relevant in patients undergoing chemotherapy because CYP3A4 is responsible for metabolism of several anticancer therapies, including tyrosine kinase inhibitors.[39](#jah33428-bib-0039){ref-type="ref"} The lower potential for drug‐drug interactions combined with a fixed‐dosing regimen make edoxaban an attractive alternative to VKAs in patients with an active malignancy. Finally, the rapid onset (1--2 hours) and shorter half‐life of DOACs (6--12 hours) compared with warfarin (≈40 hours) offer additional practical advantages over VKAs in patients with active malignancy, because these patients often undergo frequent medication changes and invasive procedures.

Limitations {#jah33428-sec-0023}
-----------

This is an analysis from a randomized clinical trial of a postrandomization subgroup. Power was limited to detect small differences in efficacy and safety, and we did not adjust for multiple comparisons given the exploratory nature of this analysis, thus increasing the chances for both type I and II errors, respectively. Therefore, results presented should be considered hypothesis generating. In addition, patients with malignancy from this study population may not be completely generalizable to patients with cancer in clinical practice. For example, patients with elevated liver function test results or creatinine clearance \<30 mL/min were excluded from the trial,[21](#jah33428-bib-0021){ref-type="ref"} 2 conditions that may indicate potential complications of malignancy. Last, malignancy was an investigator‐reported event, and the precise time that a malignancy becomes clinically evident was not adjudicated. We acknowledge that some patients may have had subclinical disease at the time of randomization, whereas others developed the disease at a later date. However, to address this, we performed a sensitivity analysis censoring the 19 clinical events that occurred before the date of cancer diagnosis, and results were consistent with the main analysis.

Conclusions {#jah33428-sec-0024}
===========

In a large trial population of patients with AF receiving oral anticoagulation, malignancy after randomization was not uncommon, and was independently associated with an increased risk of all‐cause death and major bleeding, but not stroke or SEE. The efficacy and safety profiles of edoxaban compared with warfarin were similar in those who developed active malignancy compared with those who did not. With an increasing number of aging patients with AF receiving DOACs with the potential to develop a malignancy, edoxaban may be a more practical alternative to a VKA, with a comparable efficacy and safety profile. Future randomized trials in patients with AF and malignancy are warranted to confirm findings.
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